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ABSTRACT

This report outlines instruments acquired and fabricated at UCSD, under Grant No.
DAAL03-88-G-0007, as part of the URI on Ultrahigh Dynamic Performance Materials.
The URI was awarded by ARO in October, 1986. The instrumentation developed under
this grant includes a computer control system for safe operation of gas gun; dedicated
interferometry recording system for gas gun; an ultrasonic system; a 300kV flash X-ray

system; an image-converter camera system capable of 20 million frames per second; a high-
speed framing and streak-recording camera capable of up to two million frames per second,
85 high-resolution frames; a complete image-processing system dedicated to dynamic
quantitative holography; and necessary dedicated wave-form digitizers. In addition, a
novel system is developed to generate laser-induced high amplitude, short duration stress

pulses, using much of the facilities which already existed at UCSD.

Included in this report is a brochure entitled "The Experimental Facilities of the Center of
Excellence for Advanced Materials" which includes brief descriptions and photographs of

many of the instruments reported herein.
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1. INTRODUCTION

Since October, 1986, the Center of Excellence for Advanced Materials, with focus
on ultrahigh strain rate deformation regimes, has been established at the University of
California, San Diego (UCSD), by ARO as a part of the DoD's University Research
Initiative (URI). The aims of this multidisciplinary Center are:

A. To develop, through coordinated experimental, theoretical, and computational
methods, the scientific and technological know-how for analysis and design of
advanced materials with tailored microstructures which will have desired
macroscopic properties under ultrahigh rates of straining.

B. To provide a high-quality intellectual atmosphere for doctoral and post-doctoral
advanced education in an integrated materials engineering program with strong
input from materials science, mechanics and applied mathematics, computational
mechanics, and shock physics.

C. To provide a forum for scientific exchange and research and collaborative work
among advanced students and scientists selected from various universities, UC-
National Laboratories, Army Laboratories, and Industry.

The Center focuses on three major and interrelated scientific areas:

1) Materials: This includes microstructural characterization of undamaged and
damaged materials, examination of the effects of metallurgical variables on the
mechanical response, macromechanical characterization through experiments in
controlled environments, and materials design.

2) Modeling and Computation: This includes micromechanical modeling of nonlinear
response and failure modes, constitutive characterization of the materials at high and
ultrahigh strain rates, the associated computer algorithms to be used in large-scale
computer programs, and numerical experimentation and computer prediction of
material behavior under ultrahigh strain rates.

3) Dynamic Tests: This includes high and ultrahigh strain-rate experiments on specific
advanced materials with controlled microstructures, using flyer-plate, Hopkinson
bar, and high-energy laser facilities; this requires new developments in the
diagnostics of high strain-rate experiments through high-speed flash photography,
X-ray photography, and innovative holography.

The Center has initiated contact with scientists at Los Alamos National
Laboratory(LANL), Lawrence Livermore National Laboratory (LLNL), and a number of
Army Laboratories, with the specific purpose of cultivating scientific collaboration with
scientists of common interest, and, in this manner, utilizing their expertise, as well as some
of the unique testing facilities that exist at these important national institutions. At the same
time, the Center has embarked on developing dynamic testing facilities which are unique in
capability and which, while not as powerful in, for example, attaining projectile speed or
size, as those available in the abovementioned national laboratories, are especially designed
to attain complex stress and strain regimes in the samples at high strain rates. These
instruments include:

-2-
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1) a large gun capable of propelling up to 500g projectiles up to lkm/sec velocity, its
special character will be the capability to produce an oblique impact, hence axial as
well as shear straining of the specimen at high strain rates becoming possible;

2) a small gas gun for oblique plate-impact experiments (velocities up to 200 m/s);

3) compression, tension, and torsion Hopkinson bars capable of full recovery
experiments in compression, in tension, and in compression followed by tension;

4) laser-induced stress-pulse system for high amplitude, short duration loading.

The above instruments have pivide4 powerful facilities for fundamental work on the basic
understanding of material response and failure modes at high strain rates and under general
multiaxial dynamic stress conditions. In this sense, they are unique. They are employed in
conjunction with and, in fact, complementary to, the important facilities that exist at
national laboratories whose scientists have been collaborating participants of the Center.
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2.0 INSTRUMENTS ACQUIRED OR FABRICATED UNDER THIS

AWARD

2.1 Grating and Alignment System

Function: Traverse displacement measurements in high rate pressure shear
equipment

Major Equipment:

NuArc ultra-violet exposure system
Optical components
Electronic components

2.2 Dedicated Interferometry Recording System

Description: Multi-channel waveform digitizing system with computer control and
necessary signal conditioning and accessories.

Major Equipment:

LeCroy High Speed Transient Digitizer System
Computer Control System
Coherent Innova 70-3 argon ion laser system

2.3 Ultrasonic Analysis System

Description: This system consists of the Matec system Model #8040, associated
transducers, IBM AT compatible computer and components to configure the system
into a precision scanning ultrasonic measuring and analysis system.

Function: Ultrasonic characterization of materials

Major Equipment:

Matec pulse modulator, receiver, plug-ins, filters, attenuators
Panametrics Videoscan (accessory to ultrasonic system)
IBM-AT compatible
Panametrics ultrasonic transducers

2.4 Image Converter Camera System

Function: High speed framing and streak recording of high strain rate events.

Major Equipment:

Hadland Imacon 792 Image convertor camera system*
Optical components
Electronic components

*1refer to page 10 of enclosed brochure for photograph)
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2.5 Improved High Speed Imaging Data Acquisition System

Function: Ultra high speed Ellis photography, multiple pulse holography, and
interferometric shock studies

Major Equipment:

Cordin 330A rotating mirror high speed camera system*
Safari Systems' image processor, convolver and camera systems*

*Irefer to page 13 and page 17 of enclosed brochure for photograph]

2.6 Oscilloscope and Data Recording System

Nicolet 4094/B Digital Oscilloscope (UCSD Matching Funds)*
Nicolet 4094/C Digital Oscilloscope (UCSD Matching Funds)*
Tektronix 7844 400 Mhz Dual Beam Oscilloscope (UCSD Matching Funds)
Tektronix RTD7 10 Waveform digitizer. (UCSD Matching Funds)

*[refer to page 11 of enclosed brochure for photograph]

2.7 Flash X-ray System

Link Analytical backscatter electron detector
Golden Engineering radiographic film processor
Hewlett Packard flash X-ray system

2.8 Computer Data Systems

San Diego Supercomputer compile system
Sun Microsystem computer data system
IBM PC compatable with math coprocessor
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3.0 SCIENTIFIC PERSONNEL SUPPORTED BY THIS PROJECT

For the fabrication, and set-up, as well as software development design, the following
technical individuals have received partial support under this grant:

Principal Investigator: S. Nemat-Nasser (UCSD support only)

Research Engineers

Dr. John E. Starrett, Principal Development Engineer 7/88 - 5/11/90

Mr. Jon Isaacs, Development Technician 111 7/88 - 12/30/90
Assistant Development Engineer, 1/1/91 - 12/31/91

Mr. David Lischer, Development Technician II 6/6/89 - 2/28/91

Jr. Development Engineer 3/1/91 - 12/31/91

Mr. Douglas Moore, Development Technician II 7/88 - 12/89 (partial support)

Mr. John Haughdahl, Principle Electronic Technician (part-time) 12/13/90 - 12/31/91

Engineering Aids (Undergraduate Students)

Mr. Brett Ellman, Engineering Aid 1 1/1/90 - 9/18/90

Mr. Ethan Miley, Engineering Aid 1 12/23/90 - 6/30/91

Mr. Ismael Rodriquez, Engineering Aid 1 6/27/90 - 9/28/90

Mr. Norman Tang, Engineering Aid I 12/23/90 - 6/22/91

-6-



O.4

paa



a

rL1  qCmC -N 0

iCc a IE l
a =c a.

%.m ca =0 E dE m

0m0= 0 U -.
W Q CD C

CD a) o U IL

60
"mm.



Nl m~ It )(r- 0 w N~ m (7) 0)
V_. T_ - 1 V- V- - cm N CM(J

* . o

r) .- r .

E; .0

co 0. Co

a)A aa

0~ 44 a

oc

U) 0) 0 a ON

cc4 P- * .

'a) co g) U3 0 CU~

a)a

00
5.44

E-4 PE
-r

-W

-4



SO A

0 b.0

4) .4 4 w_ 4

$4 0) 0* 4.

> F,

0 4 4) $4 0

~1.

coJ *s.0r 4.
co co

cis t u'.

bD U U

__ 1 oI. o

'..o

4-- 4 4 U --f VZ r )()4

0 4

0 
>4

'.4~0 Q~

W) 0'.)4C

.0W



W) 0 0

E-

Go CO Do

ca
'4 0 ko.

ad )

&E-4~
W~)( a

~(

~ ~>



40.0

bb w

spS a 0 0 C

.0 co w

o 0

baD
-to -0 0

4,.

0 p

0 ~ ~ ~ ~ C 'G0o .~ .i



C
om

pr
es

si
on

 B
a

r 

!J
 

• 
S

tr
ai

n
 R

at
es

 u
p 

to
 1

0,
00

0/
s 

• 
B

ar
 d

ia
m

et
er

s:
 

3/
8 

to
 1

-1
/2

 i
nc

he
s 

• 
B

ar
 le

ng
th

, i
n

p
u

t 
an

d
 o

ut
pu

t,
 

ea
ch

: 
48

 i
nc

he
s 

• 
S

tr
ik

er
 b

ar
s:

 2
 to

 1
8 

in
ch

es
 

• 
T

ap
er

ed
 s

tr
ik

er
 b

ar
s 

fo
r 

pu
ls

e 
sh

ap
in

g 
• 

B
ar

 m
at

er
ia

l:
 

C
35

0 
m

ar
ag

in
g 

st
ee

l 
35

0 
ks

i 
yi

el
d 

• 
R

am
p

 p
ul

se
 m

od
if

ic
at

io
n 

• 
S

tr
es

s 
re

ve
rs

al
 c

ap
ab

il
it

y:
 

C
om

pr
es

si
on

 f
ol

lo
w

ed
 b

y
 t

en
si

on
, 

an
d

 
T

en
si

on
 f

ol
lo

w
ed

 b
y 

co
m

pr
es

si
on

 
(w

it
h 

pu
ls

e 
tr

ap
pi

ng
) 

• 
M

om
en

tu
m

 t
ra

p
p

in
g

 m
od

if
ic

at
io

n 
fo

r 
si

ng
le

 c
om

pr
es

si
on

, 
o

r 
te

ns
io

n,
 o

r 
co

m
bi

ne
d 

p
u

ls
e 

C
om

pr
es

si
on

 H
op

ki
ns

on
 B

ar
 w

it
h

 E
n

g
in

ee
r 

Jo
n

 I
sa

ac
s 

G
en

er
at

in
g

 
S

tr
es

s-
S

tr
ai

n
 C

ur
ve

 o
n 

N
ic

ol
et

 4
09

4B
 D

ig
it

iz
in

g 
O

sc
il

lo
sc

op
e 

4 

I 



T
en

si
on

 

• 
B

u
tt

o
n

 e
n

d
 i

n
p

u
t 

b
ar

, 
ga

s-
gu

n-
fi

re
d 

an
n

u
la

r 
st

ri
k

er
 

d
es

ig
n

 
• 

3/
4-

in
ch

 b
ar

 d
ia

m
et

er
 

• 
M

ar
 ag

in
g 

st
ee

l 
an

d
 1

7-
7 

st
ai

nl
es

s 
st

ee
l b

ar
 s

et
s 

• 
M

o
m

en
tu

m
 t

ra
p

p
in

g
 m

od
if

ic
at

io
n 

fo
r 

si
ng

le
 t

en
si

le
 

p
u

ls
e 

• 
R

ec
ov

er
y 

o
f 

u
n

fa
il

ed
 s

pe
ci

m
en

s 
lo

ad
ed

 b
y

 a
 

si
ng

le
 

p
u

ls
e 

C
om

pr
es

si
on

-T
en

si
on

 

• 
In

st
al

le
d

 o
n

 e
it

h
er

 c
om

pr
es

si
on

 o
r 

te
n

si
o

n
 b

ar
 

p
la

tf
o

rm
s 

• 
S

in
gl

e 
co

m
pr

es
si

on
 p

u
ls

e 
fo

ll
ow

ed
 b

y
 s

in
gl

e 
te

n
si

o
n

 
p

u
ls

e 
• 

R
ec

ov
er

y 
of

 s
pe

ci
m

en
s 

af
te

r 
a 

si
ng

le
 l

oa
d 

cy
cl

e 
• 

R
ec

ov
er

y 
o

f 
sp

ec
im

en
s 

af
te

r 
a 

si
n

g
le

 c
om

pr
es

si
on

 
p

u
ls

e 

T
en

si
on

 H
op

ki
ns

on
 B

ar
 w

it
h

 M
~
e

-n
tu
m 

T
ra

p
 f
o~
 

R
ec

ov
er

y 
T

es
ts

 w
it

h
 a

 S
in

gl
e 

T
en

si
le

 P
u

ls
e 

5 

I 



T
or

si
on

 

• 
S

el
f-

lo
ck

in
g 

w
or

m
 g

ea
r 

dr
iv

e 
• 

P
re

ci
se

, 
si

m
pl

e,
 p

re
to

rq
u

e 
an

d
 

re
le

as
e 

m
ec

h
an

is
m

 
• 

S
ym

m
et

ri
c 

re
ac

ti
on

 t
or

qu
e 

• 
B

en
di

ng
-f

re
e 

to
rs

io
na

l 
w

av
es

 
• 

A
da

pt
ab

le
 f

or
 m

u
lt

ia
x

ia
l 

lo
ad

in
g 

• 
l-

in
ch

 d
ia

m
et

er
 b

ar
 

• 
V

ar
ia

b
le

 p
ul

se
 l

en
g

th
 

T
or

si
on

 H
op

ki
ns

on
 B

ar
 w

it
h

 P
ul

se
 W

id
th

 M
od

if
ic

at
io

n 

I 

6 



- fLO

> 0L

0.43
-

4 4 ) ,4

41>4

130I

GoU



60
-m

m
 G

as
 G

un
 

~:
PF

i 
I 

• 
U

p
 t

o
 2

00
 r

n/
s 

im
pa

ct
 v

el
oc

it
ie

s 

• 
M

ic
ro

-g
ro

ov
ed

 b
ar

re
l 

• 
N

or
m

al
 i

m
p

ac
t 

an
d

 p
re

ss
u

re
-s

h
ea

r 
ex

p
er

im
en

ts
 

• 
M

om
en

tu
m

 t
ra

p
p

ed
 r

ec
ov

er
y 

ex
pe

ri
m

en
ts

 

• 
N

or
m

al
 a

n
d

 t
ra

n
sv

er
se

 d
is

pl
ac

em
en

t 
an

d
 

ve
lo

ci
ty

 m
ea

su
re

m
en

ts
 b

y 
in

te
rf

er
om

et
ry

 

60
-m

m
 G

as
 G

u
n

 i
n

 F
ly

er
 P

la
te

 C
on

fi
gu

ra
ti

on
 

O
p

er
at

ed
 b

y
 G

ra
d

u
at

e 
S

tu
d

en
t A

. M
ac

hc
ha

. 
In

te
rf

er
om

et
ry

 s
et

u
p

 m
ea

su
re

s 
pa

rt
ic

le
 d

is
pl

ac
em

en
ts

 a
n

d
 

ve
lo

ci
ty

 o
f 

th
e 

ba
ck

 f
ac

e 
of

 m
o

m
en

tu
m

 t
ra

p
, 

u
si

n
g

 
S

pe
ct

ra
-P

hy
si

cs
 2

02
0 

ar
g

o
n

 io
n 

la
se

r.
 

I 

8 



56
-m

m
 G

as
 G

un
 

• 
O

ve
r 

1,
00

0 
m

/s
 i

m
pa

ct
 v

el
oc

it
ie

s 

• 
P

la
te

 i
m

p
ac

t 
ex

pe
ri

m
en

ts
 

• 
S

p
h

er
e 

an
d

 r
od

 i
m

p
ac

t 
ge

om
et

ri
es

 

• 
S

of
t r

ec
ov

er
y 

sy
st

em
 

• 
C

om
pl

et
e 

in
te

rf
er

om
et

ri
c 

m
ea

su
re

m
en

t 
sy

st
em

s 

• 
F

la
sh

 X
-r

ay
 r

ad
io

gr
ap

hi
c 

ca
pa

bi
li

ty
 

56
-m

m
 G

as
 G

u
n

 
P

o
st

-D
oc

to
ra

te
 M

. 
A

h
m

ad
sh

ah
i 

ch
ec

ks
 d

at
a 

n
et

w
o

rk
 a

t 
ex

pe
ri

m
en

ta
l 

en
d

 o
f t

h
e 

56
-m

m
 g

as
 g

u
n

 

I 

9 



E
le

ct
ro

m
ag

ne
ti

c 
F

ac
il

it
y 

E
le

ct
ro

m
ag

n
et

ic
 

te
ch

n
iq

u
es

 
p

ro
v

id
e 

an
 

al
te

rn
at

iv
e 

to
 

m
ec

ha
ni

ca
l 

m
et

h
o

d
s 

o
f 

g
en

er
at

in
g

 h
ig

h
 l

oa
ds

 a
n

d
 l

oa
di

ng
 

ra
te

s.
 

T
h

es
e 

te
ch

n
iq

u
es

 h
av

e 
th

e 
sp

ec
ia

l 
ad

v
an

ta
g

e 
o

f 
pr

ec
is

e 
ti

m
in

g,
 w

hi
ch

 a
ll

ow
s 

ca
re

fu
ll

y 
co

or
di

na
te

d 
lo

ad
in

g 
ev

en
ts

 t
o 

pr
od

uc
e 

an
al

yt
ic

al
ly

 tr
ac

ta
bl

e 
st

at
es

 o
f m

ul
ti

-a
xi

al
 

lo
ad

in
g

. 
T

h
e 

p
re

se
n

t 
ap

p
ar

at
u

s 
is

 
o

p
er

at
ed

 
as

 
a
n

 
el

ec
tr

om
ag

ne
ti

c 
fl

ye
r 

p
la

te
 l

au
n

ch
er

 o
r,

 f
or

 r
ad

ia
l 

lo
ad

in
g,

 
b

y
 c

ha
ng

in
g 

th
e 

co
il 

an
d

 t
ra

n
sm

is
si

o
n

 l
in

e 
ge

om
et

ry
. 

• 
20

-g
ra

m
, 

50
-m

m
 d

ia
m

et
er

 f
ly

er
 p

la
te

s 

• 
V

el
oc

it
ie

s 
o

f 1
50

 m
/s

 w
it

h
 le

ss
 t

h
an

 1
 k

J 
in

p
u

t 

• 
F

as
t 

re
cy

cl
in

g 
o

f a
p

p
ar

at
u

s 

• 
C

ap
ac

it
or

 b
an

k
s 

in
 e

xc
es

s 
of

 2
0 

k
J 

av
ai

la
bl

e 

• 
Ig

ni
tr

on
 s

w
it

ch
in

g 
in

 e
xc

es
s 

o
f 

10
0 

kA
 a

va
il

ab
le

 

E
le

ct
ro

m
ag

ne
ti

c 
F

ly
er

 P
la

te
 L

au
n

ch
er

 w
it

h
 

H
ad

la
n

d
 I

m
ac

on
 7

90
 C

am
er

a 
(a

t 
ri

gh
t)

 

• 

1 
0 



L
a

se
r I

m
p

u
ls

e 
F

ac
il

it
y 

T
h

is
 

u
n

iq
u

e 
fa

ci
li

ty
 

p
ro

v
id

es
 

a 
dy

na
m

ic
 p

ro
be

 f
or

 i
n

v
es

ti
g

at
in

g
 p

he


n
o

m
en

a 
su

ch
 

as
 

th
e 

ev
o

lu
ti

o
n

 
o

f 
m

ic
ro

cr
ac

k
in

g
 

in
 

b
ri

tt
le

 
m

at
er

ia
ls

 
u

n
d

er
 h

ig
h

 l
oa

di
ng

 r
at

es
. 

B
ec

au
se

 o
f 

th
e 

p
re

ci
se

ly
 

li
m

it
ed

 
m

ec
h

an
ic

al
 

en
er

gy
, 

sp
ec

im
en

s 
ca

n 
be

 t
ak

en
 a

bo
ve

 
fa

il
u

re
 

th
re

sh
o

ld
s 

an
d

 
re

co
v

er
ed

 
in

ta
ct

 f
or

 p
os

t-
te

st
 c

h
ar

ac
te

ri
za

ti
o

n.
 

T
h

e 
ex

tr
em

el
y 

sh
o

rt
 d

u
ra

ti
o

n
 o

f 
th

e 
p

u
ls

e 
m

ak
es

 i
t 

an
 i

d
ea

l 
in

st
ru

m
en

t 
fo

r 
pr

ob
in

g 
o

th
er

 v
er

y
 f

as
t 

ph
en

om


en
a,

 
su

ch
 

as
 

st
re

ss
-i

n
d

u
ce

d
 

p
h

as
e 

tr
an

sf
o

rm
at

io
n

s.
 

• 
lO

J 
Q

-s
w

it
ch

ed
 r

u
b

y
 la

se
r 

sy
st

em
 

• 
L

as
er

 p
ul

se
s 

as
 n

ar
ro

w
 a

s 
20

 n
s 

• 
S

tr
es

s 
pu

ls
e 

w
id

th
 a

s 
na

rr
ow

 a
s 

10
0 

m
m

 (0
.0

04
 in

ch
) 

• 
M

ul
ti

-G
P

a 
st

re
ss

 l
ev

el
s 

• 
S

h
o

rt
 t

im
e-

sc
al

e,
 p

la
ne

-w
av

e 
st

re
ss

 
ce

ll
s 

L
as

er
 I

m
pu

ls
e 

F
ac

il
it

y 
In

cl
ud

es
 3

-S
ta

ge
 R

ub
y 

L
as

er
 S

ys
te

m
, 

P
ul

se
 S

li
ce

r,
 S

tr
es

s 
C

el
l, 

an
d

 L
eC

ro
y 

68
80

 a
n

d
 

N
ic

ol
et

 4
09

4C
 H

ig
h-

S
pe

ed
 D

ig
it

iz
in

g 
O

sc
il

lo
sc

op
es

. 
C

ap
ab

le
 o

f o
ne

 b
il

li
on

- w
at

t 
ou

tp
ut

, 
th

e 
la

se
r 

im
pu

ls
e 

sy
st

em
 

un
de

rg
oe

s 
fi

na
l 

al
ig

n
m

en
t 

b
y

 E
n

g
in

ee
r 

D
. 

L
is

ch
er

. 

I 

1 
1 



C. 0 4

.0 .3

,40.

0

-q



H
ig

h-
Sp

ee
d 

P
ho

to
gr

ap
hi

c 
F

ac
il

it
y 

• 
H

ad
la

n
d

 !
m

ac
on

 7
90

 

20
-m

il
li

on
 f

ra
m

e 
p

er
 s

ec
on

d 
im

ag
e 

in
te

n
si

fi
er

 
ca

m
er

a 

• 
C

or
di

n 
33

0A
 

2-
m

il
li

on
 f

ra
m

es
 p

er
 s

ec
on

d,
 c

on
ti

nu
ou

s 
ac

ce
ss

, 
35

-m
m

 f
il

m
 h

ig
h-

sp
ee

d 
.c

am
er

a 

• 
E

ll
is

 C
am

er
a 

M
il

li
on

 f
ra

m
e 

p
er

 s
ec

on
d 

35
-m

m
 f

il
m

 
h

ig
h

-s
pe

ed
 c

am
er

a 

• 
R

ub
y 

L
as

er
 S

ys
te

m
 

A
pp

li
ca

ti
on

 s
pe

ci
fi

c 
p

u
ls

ed
 l

as
er

 l
ig

h
t 

so
ur

ce
 

• 
M

eg
aw

at
t 

F
la

sh
la

m
p

 S
y

st
em

 

V
ar

ia
bl

e 
p

u
ls

e 
du

ra
ti

on
, 

4-
m

eg
aw

at
t 

xe
no

n 
fl

as
hl

am
ps

 

• 
B

ec
km

an
 a

n
d

 W
hi

tl
ey

 D
ru

m
 C

am
er

a 

10
,0

00
-f

ra
m

e 
p

er
 s

ec
on

d,
 r

o
ta

ti
n

g
 d

ru
m

, 
35

-m
m

 h
ig

h-
sp

ee
d 

ca
m

er
a 

C
or

di
n 

33
0A

 H
ig

h-
S

pe
ed

 C
am

er
a 

C
on

fi
gu

re
d 

fo
r 

H
ol

og
ra

ph
ic

 I
n

te
rf

er
o

m
et

ry
 

1 
3 

I 



CD~

04

0
0

040

Au Q

Go >
cis~C 0 U :

U 0
0 P 4)

4.2 ca oj E-4u

~0
0 t

*4 0 -



rat

41~

U)

0
p 4
W

040

U, -,



co~

bD

Cd

U)o

7) 7

00

> >



Im
a

g
e 

P
ro

ce
ss

in
g 

F
a

ci
li

ty
 

• 
Im

ag
in

g 
T

ec
hn

ol
og

y 
S

er
ie

s 
15

1 
Im

ag
e 

P
ro

ce
ss

or
 

C
om

pu
te

r-
ge

ne
ra

te
d 

ho
lo

gr
ap

hi
c 

in
te

rf
er

o
m

et
ry

 f
or

 
m

ea
su

re
m

en
t 

o
f 

v
er

y
 s

m
al

l 
di

sp
la

ce
m

en
ts

 

• 
W

er
n

er
 F

re
i 

Im
ag

e 
L

ab
 

C
o

m
p

u
te

r 
an

al
y

si
s 

o
f 

m
at

er
ia

l 
m

ic
ro

st
ru

ct
u

re
 

be
fo

re
 a

n
d

 a
ft

er
 r

ec
ov

er
y 

ex
p

er
im

en
ts

 o
r 

in
 s

it
u 

m
ea

su
re

m
en

t 
an

d
 o

bs
er

va
ti

on
 

G
ra

d
u

at
e 

S
tu

d
en

t 
G

. 
S

u
b

 h
as

h
 a

na
ly

ze
s 

g
ra

n
u

la
r 

fl
ow

 d
at

a 
fo

r 
ph

ot
oe

la
st

ic
 g

ra
n

u
le

s 
on

 t
h

e 
po

rt
ab

le
 i

m
ag

e 
la

b
 

1 
7 

I 



U, 0

0 00

C.) 0 0

0 - ,

0 4.;
00

00

o >-.
N. P. )c

No N

,a~

N W N d 4 C
co

*~ 
C N(D 0 ) 0

i o i 0 0 C)
"d 0 O

0 - 0 3 0

E - 0 E0 E -E

EDE



co 0

0o

44bbc

U) d~

Go 0co

z

0.0

4I



• 
A

xi
al

-T
or

si
on

al
 T

es
ti

n
g

 

11
0 

k
ip

 F
ra

m
e 

20
 k

ip
 F

ra
m

e 

L
ar

ge
 T

ri
ax

ia
l 

C
el

l 

• 
B

ia
xi

al
 T

es
ti

ng
 

B
ia

xi
al

 F
ra

m
e 

T
hr

ee
 2

0 
k

ip
 F

ra
m

es
 

• 
H

ig
h

 T
em

p
er

at
u

re
 T

es
ti

n
g

 

T
es

ti
n

g
 F

u
rn

ac
es

 

C
re

ep
 M

ac
hi

ne
 

• 
S

m
al

l 
L

oa
d 

F
ra

m
es

 

In
st

ro
n

 S
cr

ew
 M

ac
hi

ne
s 

F
at

ig
u

e 
M

ac
hi

ne
 

In
 p

re
p

ar
at

io
n

 f
or

 s
tu

dy
in

g 
lo

w
-s

tr
ai

n 
ra

te
s 

in
 m

at
er

ia
ls

 a
t 

el
ev

at
ed

 t
em

p
er

at
u

re
s,

 G
ra

d
u

at
e 

S
tu

d
en

t D
. 

O
w

en
 c

he
ck

s 
th

e 
co

n
st

an
t 

st
re

ss
 c

am
 b

ef
or

e 
st

ar
ti

n
g

 a
 

ce
ra

m
ic

 t
es

t 
in

 t
h

e 
C

re
ep

 F
ac

il
it

y 

I 

"\ 

2
0

 



S
tu

dy
in

g 
pr

op
er

ti
es

 o
f 

g
ra

n
u

la
r 

m
at

er
ia

ls
, 

G
ra

du
at

e 
S

tu
d

en
t 

N
. 

O
k

ad
a 

m
ak

es
 f

in
al

 
pr

ep
ar

at
io

ns
 t

o 
th

e 
tr

ia
xi

al
 c

el
l 

G
ra

d
u

at
e 

S
tu

d
en

t A
. A

zh
da

ri
 i

s 
ca

li
br

at
in

g 
th

e 
co

m
pu

te
r-

co
nt

ro
ll

ed
 l

o
ad

 c
el

l 
o

n
 a

 2
0-

ki
p 

lo
ad

 f
ra

m
e 

w
it

h
 a

xi
al

/t
or

si
on

al
 a

n
d

 b
ia

xi
al

 c
ap

ab
il

it
ie

s 

I 

2 
1 



CY

04

04

0

ren

-0 0 40 0

0 bD



I 

R
a

p
id

 S
ol

id
if

ic
at

io
n 

R
od

s 
o

f 
m

et
al

s 
o

r 
ce

ra
m

ic
s 

ar
e 

m
el

te
d

 
th

ro
u

g
h

 
in

d
u

ct
io

n
 

h
ea

ti
n

g
 

o
r 

g
as

 
to

rc
h

es
. 

T
h

e 
m

o
lt

en
 

m
at

er
ia

l 
is

 e
je

ct
ed

 t
h

ro
u

g
h

 d
u

al
 r

ol
le

rs
 r

o
ta

ti
n

g
 a

t 
su

rf
ac

e 
sp

ee
ds

 e
xc

ee
di

ng
 1

6
m

/s
ec

. 
T

he
 c

ap
ab

il
it

ie
s 

of
 th

is
 f

ac
il

it
y 

ar
e:

 

• 
qu

en
ch

 r
at

es
 g

re
at

er
 t

h
an

 1
06

 K
/s

ec
 

• 
u

se
 o

f 
m

et
al

s,
 c

er
am

ic
s,

 a
n

d
 p

ar
ti

cu
la

te
 c

om


po
si

te
 m

at
er

ia
ls

 

• 
g

en
er

at
io

n
 o

f 
m

et
al

li
c 

gl
as

s,
 o

xi
de

 g
la

ss
, 

an
d

 
m

et
as

ta
b

le
 c

ry
st

al
li

ne
 p

h
as

es
 

• 
g

en
er

at
io

n
 o

f 
na

no
cr

ys
ta

ll
in

e 
m

at
er

ia
ls

 

U
n

d
er

g
ra

d
u

at
e 

S
tu

d
en

tS
. 

E
m

m
en

eg
g

er
 a

li
gn

s 
a 

ce
ra

m
ic

 s
am

pl
e 

ov
er

 t
h

e 
hy

dr
og

en
 t

or
ch

 b
ef

or
e 

cr
ea

ti
n

g
 a

 n
ov

el
 m

at
er

ia
l 

b
y

 r
ap

id
 s

ol
id

if
ic

at
io

n 

2
3

 

I 



-
-
-
-
-
-
-
-

C
h

em
ic

a
l S

yn
th

es
is

 o
f O

xi
de

 C
er

am
ic

s 

1.
 

A
lk

ox
id

e 
sy

nt
he

si
s 

o
f a

m
or

ph
ou

s 
po

w
de

rs
 

• 
D

is
so

lv
e 

u
lt

ra
h

ig
h

 p
u

ri
ty

 m
et

al
 i

n
 a

lc
oh

ol
 

• 
H

yd
ro

ly
ze

 s
ol

ut
io

n 
to

 p
re

ci
pi

ta
te

 h
yd

ro
xi

de
 

po
w

de
rs

 

• 
R

es
ul

ts
 i

n
: 

u
lt

ra
h

ig
h

 p
u

ri
ty

 p
ow

de
rs

 

ex
tr

em
el

y 
fi

ne
 p

ar
ti

cl
e 

si
ze

s 

re
d

u
ce

d
 s

in
te

ri
n

g
 t

em
p

er
at

u
re

 

co
-p

re
ci

pi
ta

ti
on

 o
f 

tw
o 

m
et

al
 h

yd
ro

xi
de

s 
to

 
fo

rm
 a

 t
w

o-
p

h
as

e 
o

r 
co

m
po

si
te

 m
at

er
ia

l 

2.
 

S
yn

th
es

is
 o

f f
il

m
s 

o
fY

B
a 2C

u 3o
7_x

 

• 
A

li
gn

 
th

ic
k

 
(>

lO
J.

lm
) 

fi
lm

s 
fo

r 
o

p
ti

m
al

 
su

p
er


co

n
d

u
ct

in
g

 p
ro

p
er

ti
es

 b
y

 s
p

in
 

co
at

in
g

 o
rg

an
ic

 
so

lu
ti

on
s 

• 
H

om
og

en
eo

us
, 

at
om

ic
al

ly
 m

ix
ed

 p
re

cu
rs

o
r 

ge
l 

• 
E

as
il

y 
co

nt
ro

ll
ed

 

• 
F

il
m

s 
ca

n 
be

 s
p

u
n

 o
n 

to
 c

om
pl

ex
 s

ha
pe

s 

B
y 

ad
ju

st
in

g 
fl

ow
 r

at
e,

 U
n

d
er

g
ra

d
u

at
e 

S
tu

d
en

t 
R

. 
C

o
n

tr
er

as
 c

on
tr

ol
s 

th
e 

pr
oc

es
s 

fo
r 

sy
n

th
es

iz
in

g
 f

in
e 

ce
ra

m
ic

 p
ow

de
rs

 

2
4

 

• 



D
yn

a
p

a
k 

F
ac

il
it

y 

T
h

e 
D

y
n

ap
ak

 i
s 

a 
h

ig
h-

en
er

g
y

 r
at

e 
m

ac
h

in
e 

fo
r 

pr
oc

es
si

ng
 m

at
er

ia
ls

. 
T

h
e 

h
am

m
er

 d
er

iv
es

 t
h

e 
k

in
et

ic
 

en
er

g
y

 
fr

o
m

 
co

m
p

re
ss

ed
 

n
it

ro
g

en
 

g
as

 
(3

,0
00

 p
si

 m
ax

im
u

m
 p

re
ss

u
re

) 
an

d
 i

s 
pr

op
el

le
d 

a
t 

ve
lo

ci
ti

es
 r

an
g

in
g

 b
et

w
ee

n
 1

0 
an

d
 2

0 
m

./s
. 

T
h

e 
m

ac
hi

ne
 h

as
 t

h
e 

ca
pa

ci
ty

 o
f 

20
 s

tr
ok

es
 p

er
 m

in
u

te
. 

T
h

e 
m

ax
im

u
m

 e
n

er
g

y
 r

at
in

g
 o

f 
th

e 
m

ac
h

in
e 

is
 

17
 k

J.
 

T
h

e 
an

ci
ll

ar
y

 
eq

u
ip

m
en

t 
in

cl
u

d
es

 
an

 
en

v
ir

o
n

m
en

ta
l 

ch
am

b
er

, 
an

d
 h

ea
ti

n
g

 a
n

d
 c

oo
li

ng
 

fu
rn

ac
es

. 
T

h
e 

m
ac

h
in

e 
h

as
 

th
e
 

fo
ll

o
w

in
g

 
pr

oc
es

si
ng

 a
pp

li
ca

ti
on

s:
 

• 
dy

na
m

ic
 f

or
gi

ng
 

• 
dy

na
m

ic
 c

om
pa

ct
io

n 
o

f 
po

ro
us

 c
er

am
ic

s 

• 
dy

na
m

ic
 e

xt
ru

si
on

 o
f 

so
li

ds
 a

n
d

 p
ow

de
rs

 

H
ig

h-
V

el
oc

it
y 

F
or

gi
ng

 S
y

st
em

 
A

 n
ew

 c
er

am
ic

 m
at

er
ia

l 
fo

rm
ed

 b
y

 d
yn

am
ic

 c
om

pa
ct

io
n 

in
 th

e 
D

y
n

ap
ak

 F
ac

il
it

y 
is

 b
ei

ng
 s

tu
di

ed
 b

y
 

G
ra

d
u

at
e 

S
tu

d
en

ts
 J

. 
L

aS
al

vi
a 

an
d

 D
. 

H
ok

e 

• 

2
5

 



0) bp

'Uo

04)4

0Q~In 02~hf

'Gi W

*u20)a



• 
P

hi
li

ps
 A

na
ly

ti
ca

l 
X

-R
ay

 S
y

st
em

 

C
o

m
p

u
te

r-
C

on
tr

ol
le

d 
D

if
fr

ac
to

m
et

er
 

L
au

e 
C

am
er

a 

• 
U

lt
ra

so
ni

c 
S

ou
nd

 V
el

oc
it

y 
M

ea
su

re
m

en
t 

F
ac

il
it

y 

M
A

T
E

C
 M

B
S

 8
00

0 
M

ea
su

re
m

en
t 

S
ys

te
m

 

M
ar

co
ni

 1
0-

kH
z 

to
 1

-G
H

z 
S

ig
na

l 
G

en
er

at
or

 

F
u

ll
y

 C
om

pu
te

r-
B

as
ed

 w
it

h
 D

ig
it

al
 S

am
pl

in
g 

• 
N

ik
on

 M
et

al
lo

gr
ap

hi
c 

M
ic

ro
sc

op
e 

• 
O

ly
m

pu
s 

B
in

oc
ul

ar
 M

ic
ro

sc
op

e 

• 
L

ec
o 

M
ic

ro
ha

rd
ne

ss
 T

es
te

r 

• 
Q

u
an

ta
so

rb
 B

E
T

 S
ur

fa
ce

 A
na

ly
ze

r 

• 
P

er
k

in
 E

lm
er

 D
if

fe
re

nt
ia

l 
T

h
er

m
al

 A
na

ly
ze

r 

• 
S

am
pl

e 
P

re
p

ar
at

io
n

 E
q

u
ip

m
en

t 

P
os

t-
D

oc
to

ra
te

 M
. 

R
as

h
id

 p
ro

gr
am

s 
th

e 
co

m
pu

te
r-

co
nt

ro
ll

ed
 x

-r
ay

 d
if

fr
ac

to
m

et
er

. 
(L

au
e 

ca
m

er
a 

sh
ow

n 
m

o
u

n
te

d
 b

eh
in

d
 

le
ad

ed
 w

in
do

w
s 

b
y

 x
-r

ay
 s

ys
te

m
.)

 

2
7

 

I 



r 
D

iv
is

io
n 

of
 E

ng
in

ee
ri

ng
 E

le
ct

ro
n 

O
pt

ic
s 

an
d

 
M

ic
ro

an
al

ys
is

 F
ac

il
it

y 

• 
C

am
br

id
ge

 S
te

re
o

sc
an

 3
60

 S
ca

n
n

in
g

 E
le

ct
ro

n
 M

ic
ro


sc

op
e 

w
it

h
 a

n
 in

te
g

ra
te

d
 L

in
k 

A
N

10
00

0 
X

-R
ay

 A
na

ly
si

s 
S

ys
te

m
 

F
u

ll
y

 c
om

pu
te

r-
co

nt
ro

ll
ab

le
 

P
o

in
t-

to
-p

oi
nt

 r
es

ol
ut

io
n 

of
 2

.5
 n

m
 

Q
ua

nt
it

at
iv

e,
 s

em
i-

qu
an

ti
ta

ti
ve

, 
or

 fu
ll

y-
qu

an
ti

ta
ti

ve
 

co
m

po
si

ti
on

al
 a

na
ly

si
s 

on
 1

-m
ic

ro
n 

sc
al

e 
ra

n
g

e 
S

ec
on

da
ry

 a
n

d
 b

ac
ks

ca
tt

er
ed

 e
le

ct
ro

n 
de

te
ct

or
s 

-
A

cc
el

er
at

in
g 

vo
lt

ag
es

 b
et

w
ee

n 
20

0 
to

 4
0,

00
0 

vo
lt

s 

• 
P

h
il

ip
s 

C
M

30
 3

00
kV

 T
ra

n
sm

is
si

o
n

 E
le

ct
ro

n
 M

ic
ro


sc

op
e 

w
it

h
 a

 L
in

k 
A

N
10

00
0 

X
-R

ay
 A

na
ly

si
s 

S
ys

te
m

. 

F
u

ll
y

 c
om

pu
te

r-
co

nt
ro

ll
ab

le
, 

hi
gh

-r
es

ol
ut

io
n,

 i
n

te
r

m
ed

ia
te

 v
ol

ta
ge

 i
n

st
ru

m
en

t 
fo

r 
hi

gh
-s

pa
ti

al
 r

es
ol

u
ti

on
 X

-r
ay

 m
ic

ro
an

al
ys

is
 

-
A

cc
el

er
at

in
g 

vo
lt

ag
es

 b
et

w
ee

n 
50

 k
V

 a
n

d
 3

00
 k

V
 

-
U

lt
im

at
e 

re
so

lu
ti

on
: 

0.
18

 n
m

 li
ne

-t
o-

li
ne

 
0.

23
 n

m
 p

oi
nt

-t
o-

po
in

t 
-

H
ig

h-
sp

at
ia

l 
re

so
lu

ti
on

 X
-r

ay
 m

ic
ro

an
al

ys
is

 o
n 

el
em

en
ts

 d
ow

n 
to

 b
er

yl
li

um
 o

n 
pe

ri
od

ic
 t

ab
le

 

• 
S

pe
ci

al
 T

E
M

 s
pe

ci
m

en
 h

ol
de

rs
 i

nc
lu

de
: 

-
lo

w
-b

ac
kg

ro
un

d 
si

ng
le

-t
il

t 
ho

ld
er

 f
or

 m
ic

ro
an

al
ys

is
 

do
ub

le
-t

il
t 

lo
w

-b
ac

kg
ro

un
d 

ho
ld

er
 f

or
 d

if
fr

ac
ti

on
 

an
d

 m
ic

ro
an

al
ys

is
 

-
li

qu
id

 n
it

ro
ge

n 
lo

w
-b

ac
kg

ro
un

d 
do

ub
le

-t
il

t 
ho

ld
er

 
w

it
h 

co
nt

ro
ll

ab
le

 t
em

p
er

at
u

re
s 

fr
om

 1
00

°C
 to

 -
17

0°
C

 
si

ng
le

-t
il

t f
ur

na
ce

 h
ol

de
r 

ca
pa

bl
e 

o
f 1

,3
00

°C
 

S
tu

d
en

ts
 a

re
 t

ra
in

ed
 i

n
 s

ys
te

m
 o

pe
ra

ti
on

 to
 f

ac
il

it
at

e 
th

e 
ti

m
e-

co
ns

um
in

g 
se

ar
ch

 f
or

 m
at

er
ia

l 
at

tr
ib

u
te

s.
 

S
ho

w
n 

he
re

, 
G

ra
d

u
at

e 
S

tu
de

nt
/F

el
lo

w
 B

. 
A

lt
m

an
 

fo
llo

w
s 

th
e 

st
ar

t-
u

p
 p

ro
ce

du
re

s 
of

 th
e 

sc
an

ni
ng

 e
le

ct
ro

n 
m

ic
ro

sc
op

e 
in

 p
re

p
ar

at
io

n
 f

or
 s

pe
ci

m
en

 v
ie

w
in

g.
 

2
8

 



b)

oc

.4
U) aa

~~0 04 0 U C

P644


